The paper is intended to address the relation between fire damage and time factors related to firefighting activities. Using newly proposed models, the paper studies the probability of exceedance, i.e., the probability of fire damage area to exceed certain levels, and compare model parameters over a wide range of time intervals. As a result, some evidence was obtained that the faster a fire is responded to, the smaller the fire damage is, based on fire statistics of Japan.
INTRODUCTION
The log-normal distribution has been widely used in characterizing the distribution of extreme fire losses [1] [2] [3] . An alternative statistical model was proposed at the Beijing symposium in 2005 [4] . The model is based on a non-liner soil mechanics formulation called Hardin-Drnevich model [5] , fitting fairly well with the probability of exceedance (POE) of such severity measures as monetary loss and floor area damaged by fire collected in Japanese fire statistics [6] . A modification of the procedure was proposed in [7] , where the overall risk curve of a series of fire incidents was represented by the product of two independent probability of exceedance functions based on the analysis of timber house fires. The model relates the risk profile in the vicinity of the extreme with the dimension of properties at risk.
Starting with the model, the current paper is intended to address relationships between fire damage area and a variety of time factors: a) time interval between ignition and notification to the fire department or beginning of intervention, b) distance to the closest fire station, and c) first-aid firefighting activities by occupants.
Regarding fire service time intervals, Särdqvist et al. [8] analyzed non-residential building fires from 1994-97 collected in the Real Fire Database compiled by the London Fire Brigade. One reason that residential buildings were excluded was stated that the size of fire compartmentalization limits the size of fires in residential to a larger extent than other buildings. Various time intervals between firefighting operation events were compared directly with the fire area on double-logarithmic scales. No significant correlation was found between the final fire area and the time interval from ignition to intervention, although time intervals afterwards suggested, not surprisingly, that the larger the fire area, the more time needed in fighting.
On the other hand, the current paper found some evidence that the shorter the time for notification or response to a fire, the less fire damage area is observed.
METHOD Database
The fire statistics were obtained from the Disaster Prevention Information Office, Fire and Disaster Management Agency (FDMA) of Japan. The records analyzed were from 1995 to 2004. The factors examined in the paper include:

Floor area and fire damage area of the building of fire origin,  Time intervals between firefighting-related events: ignition, notification to fire departments, and application of water or other agent on the fire,
Distance to the closest fire station,
Measures taken in first-aid firefighting by occupants, and  Whether or not the fire was responded to by the fire department.
Only the records of one-or two-story residential buildings of timber construction were used, where a valid floor area at risk (equal to or more than 1 square meter) is recorded. This is because the records of this type of building are the richest in numbers.
Firefighting Related Time Intervals from Statistics in Japan
Regarding firefighting, Japanese fire statistics include the time and date of the following events: Table 1 summarizes events related to firefighting operation by the fire department, commonly used names of the time intervals [8] [9] [10] [11] between these events, and the availability of data in the statistics of Japan. The paper focuses on the time intervals prior to the start of firefighting:
 Notification time: measured from ignition to beginning of firefighting.

Response time: extended for the purpose of the study to include not only dispatch, turnout, and travel times but also set up time.
Intervention time here is defined as the summation of notification and response times.
It should be noted that the fire area in the statistics of Japan is defined at the end of the fire, unlike the London database where the fire area is available at three points of time: discovery, arrival at fire scene, and the end of the incident.
To extinguish a fire, some manual or automatic actions may be taken prior to the activities by fire departments. The presence and the result of such first-aid firefighting events are recorded in the statistics in Japan. Unfortunately, however, the timing of these events is not available. 
Models Representing Probability of Exceedance
The paper deals with the probability of exceedance of two types of quantities: area damaged by fire and time intervals. The probability of exceedance of a variable means here the probability per event of a fire related parameter to exceed a certain level. The probability of exceedance is also referred to complementary cumulative distribution function.
The first procedure to model the probability of exceedance is schematized in Fig. 1 , where the probabilities of exceedance of fire damage area are compared with the model for all timber houses in 1995-2004. The model is a product of two exceedance probability functions: base function and reduction factor:
where : the standard normal cumulative distribution function
x: base-10 logarithm of severity measure     mean and standard deviation corresponding to base function  R  R those of reduction factor
As a special case, the probability of the fire area to exceed the minimum value, the unity, will be approximated as follows since near x = 0 reduction factor will be roughly 1.0 ( Fig.1a ):
where   : the inverse standard normal cumulative distribution function Thus, the probability of the fire area to exceed the unity is represented by the reciprocal of the coefficient of variance (COV) of base function.
It was confirmed that the model performs well in describing the overall profiles of fire risk in terms of area damaged by fire from minimum to maximum of a variety of buildings ( Fig. 1 ).
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Model for Probability of Exceedance of Time Interval
Another way of extending the normal distribution model is summation of two exceedance probability functions as below:
where  P  P parameters representing the primary period of time.  S  S parameters for the upper tail of the time distribution. ratio of events following the upper tail model An example is given in Fig. 2 , where data of time interval between ignition and extinction are compared with the model.
FLOOR SIZE INFORMATION DERIVED FROM FIRE SIZE CURVE-FITTING
Japan consists of 47 prefectures. To illustrate the effectiveness of the base function / reduction factor model discussed above, risk curves were generated and analyzed for model parameters on prefecture by prefecture. The results are summarized in Table 2 . 1.E-04
FIRE SIZE AND TIME BETWEEN EVENTS
Basic information on the three time intervals is given in Figs. 6-8: notification, response and intervention times. Regarding the frequency of notification and intervention times, numbers ending in fives and zeros seem to be preferred to fours and nines. The highest percentage of timber house fires had a notification time at 5 min, a response time at 6 min, and an intervention time in the 10 to 15 min range. The exceedance probability is also depicted in Fig. 9 on double-log scales. The probability of the analyzed time intervals to exceed a certain level seems to be divided into two phases: primary and secondary. Up to some 30 to 40 min, notification and intervention times seem to follow a single log-normal distribution, respectively, while the largest 5 % or so of the time data appear to be governed by another distribution, where the negative slope of the exceedance probability becomes smaller, compared with that of the primary phase. Thus, the model given in Eq. 4 was used to obtain model parameters as in Table 3 . As shown with solid lines in Fig. 9 , the data fit well with the model based on the summation of two independent lognormal distributions, each representing primary and secondary phases. 1.E-04
FIRE SIZE AND DISTANCE TO FIRE DEPARTMENT
The effect of distance to the closest fire station on the fire area is studied here. The statistics include distance to the closest fire station in 100 m. This is why the distance frequency distribution (Fig. 11 ) has peaks at values ending in 0.5 and 0.0. Fire records were categorized into separate groups according to distance up to 10 km. Time and damage related model parameters were obtained from each distance group. It should be noted that a strong correlation is found also between distance and  R , the mean of reduction factor (Fig. 14) . The positive correlation may be attributed to population densities. Usually as population densities increase, fire stations are situated so that they cover less and less geographic area, which may contribute to reduce response times. At the same time, as population densities increase, the price of land gets higher and the floor area at risk per home becomes smaller. 
FIRST-AID FIREFIGHTING BY OCCUPANTS
As stated above, the statistics include information on the measures and successfulness of the actions taken by the occupants or automatic systems prior to the arrival of the fire department.
Although time information lacks completely in this regard, the nature of the measures taken might be helpful in speculating on the severity of the fire at the time of fighting, since bigger fires will be fought with more powerful measures, vice versa. Thus, the fire will be grown in the following order: The categories below will be compared with those above: Figure 15 compares measure by measure the ratio of non-zero damage fires to all fires. It is evident that fire without response by the fire department ("No Response") always show the lowest probability of the fire area to exceed the unity, while any fire, once responded to by the fire department, more than 70 % tends to cause a fire area of more than 1.
All in all, fires fought with "What"s at hand" show the smallest probability to cause a fire area of more than 1 square meter, while "Hydrant and pump" shows the worst probability to give non-zero damage. Other measures lie somewhere in between these two extremes.
Similar tendencies can be seen in Fig. 16 . Actions with "What"s at hand" suggest that they take place the earliest as to notification / intervention time, "Hydrant and pump" takes the most of time. 
CONCLUSIONS
Findings of the study can be summarized as below:  It was confirmed that a proposed model based on the product of two complementary cumulative frequency distribution (CCDF) of log-normal distributions (base function and reduction factor) performs well in describing the overall profiles of fire risk in terms of area damaged by fire from minimum to maximum of a variety of buildings.  Base function represents the of a fire to follow up until the fire area reaches the floor area at risk, while the reduction factor represents the effect of the limitation of the size of area at risk.  Three time intervals on firefighting operation were studied: notification, response, and intervention times. Notification time is defined as the time between fire ignition and notification to fire department. Response time here includes dispatch, turnout, and travel times, as well as set up time. Intervention time means, for the purpose of the study, the summation of notification and response times. The probability of exceedance of notification and intervention times thus defined can be modeled by summing up two lognormal distributions, each representing primary and secondary time phases.  The relations between the time factors and the fire damage were studied. It is evident that the earlier a fire is responded to by the fire department, the smaller the fire size is, up to approximately 10 min of notification time or up to 20 min of intervention time. Response time, defined here as the difference of intervention and notification times, shows a smaller correlation with the fire damage.  Distance to the closest fire department shows also correlations with the final fire area. Not surprisingly, as a fire site get closer to the fire station, the damage tends to smaller. The size of floor area at risk also correlates with the distance to the fire station, suggesting the regional difference in floor size distributions of timber homes.
